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ABSTRACT

This report is a partial documentation a series of model-scale experiments
conducted 5/07-6/07, on Mixed-Flow Waterjet (MxWJ) Model 5662-1, a waterjet
propelled variant of the Joint High Speed Sealift (JHSS) hull platform. This
document contains data and evaluations from initial investigations into the
following two waterjet topic areas:

(1) The effects of model yaw angles on waterjet powering. Model-scale rotor
force measurements of thrust and torque at angles of yaw up to 3 degrees showed
little variation compared to the equivalent forces measured at zero yaw angle.

(2) The effects of variations in the submergence of the waterjet pump inlet on
the priming of the waterjets. Visual observations as to the state of fluid flow
through the waterjets indicated that the initial waterjet design criterion of
retaining 50% of the rotor submerged was conservative, and could be relaxed
somewhat for future designs.

ADMINISTRATIVE INFORMATION

Funding for the evaluation of the Mixed-Flow Waterjet was through the US Navy's Sealift
R&D Program, managed through the Strategic & Theater Sealift Program Office PMS 385. The
Joint High Speed Sealift (JHSS) Program Project Manager is William Davison (PMS 385). The
JHSS Hydro Working Group (HWG), which includes representatives from NAVSEA,
NSWCCD, ONR and CSC, coordinates all hydrodynamic, propulsion, hullform, and structural
loads R&D for these combined programs.

Model tests were conducted at the David Taylor Model Basin, Naval Surface Warfare
Center, Carderock Division Headquarters, (NSWCCD), by the Resistance & Powering Division
(Code 5200), under work unit numbers 07-1-2125-145/146.

INTRODUCTION

The Joint High Speed Sealift (JHSS) was a potential FY12 ship acquisition sponsored by
OPNAYV N42. The program was originally designated the Rapid Strategic Lift Ship (RSLS) as
outlined in “Rapid Strategic Lift Ship Feasibility Study Report” [Ref. 1]. In the “Joint High
Speed Sealift (JHSS)” presentation [Ref. 2], the ship's capability was broadly described as being
able to "Embark design payload, transport it 8,000 nm at 36 knots or more, and disembark it to a
seabase or shore facility”. Waterjets are one of three different types of propulsion systems to be
evaluated on the JHSS parent hull platform.

The entire evaluation of waterjet propulsion on the JHSS hull platform is to include the
construction and testing of two model hulls, the Axial Waterjet (AxWJ) Model 5662, and the
Mixed-Flow Waterjet (MxWJ) Model 5662-1. The extensive testing planned for the two
waterjet models, which will extend over a period of more than eight months, will be summarized
in a single volume after the conclusion of the test programs and analysis period. In the interim,
reports of smaller scope, documenting the numerous series of experiments, will be prepared.

This document contains data and evaluations from a selection of model-scale experiments,
presented in the Test Agenda, Appendix A, Table Al, conducted on the Mixed-Flow Waterjet
(MxWJ) Model 5662-1, in the waterjet topic areas of (1) the effects of model yaw angles on
waterjet powering, and (2) the effects of variations in the submergence of the waterjet pump inlet
on the priming of the waterjets.



BACKGROUND AND PURPOSE

The propulsion performance of a ship propelled by open propellers suffers when the ship
enters into a turn. Performance degradation is due to factors such as the modified angle of flow
into the propellers induced by the ship's non-zero yaw and pitch angles, unsteadiness and
asymmetry of the wake into the propellers, propeller and strut cavitation, etc. However,
experiences of open propeller performances in turns are not easily transferred to waterjet-
propelled hulls. Limited knowledge exists as to the effects of yaw angle on waterjet
performance. Due to the location of the rotors inside the waterjet, where the inflow will retain a
greater degree of uniformity even in a turn, it is surmised that measured rotor forces will be only
minimally affected by reasonable (1-3 degree) angles of yaw. The current model assessment will
evaluate this hypothesis.

In the application of waterjets to the JHSS hull platform, four high-powered, large-diameter
waterjets were required to be housed in the transom. The transom was designed to a relative
minimum total volume required to house the four waterjets and associated hardware, while
adhering to some basic arrangement and sizing criteria as prescribed by the HWG, as outlined by
Cusanelli and Carpenter [Ref 3]. Transom depth was dictated primarily by the criterion, that, in
order to assure rotor priming, half of the rotor diameter, as measured at the waterjet inlet, should
remain submerged at design displacement. This criterion resulted in a transom design with a
substantially greater draft and volume that that of the JHSS baseline hull with 4-screw
propulsion. Increased transom size places the waterjet variant at a distinct disadvantage in terms
of hull resistance when compared to the parent hullform. A relaxation of this waterjet
submergence criterion would likely reduce the hull resistance of the waterjet variant. The
current investigation will determine the feasibility of reducing the waterjet inlet submergence
while retaining the ability for the waterjets to be self-priming.

HULL MODEL

Mixed-Flow Waterjet (MxWJ) Model 5662-1, Figure 1, represents one of two candidate
waterjet-propelled variants of the JHSS hull platform. Model 5662-1 was built of fiberglass to a
linear scale ratio A = 34.121, and LBP = 27.86 ft (8.5 m), and manufactured at NSWCCD. The
MXWJ model scale ratio is equivalent to that of the JHSS Baseline Shaft & Strut (BSS) hullform
Model 5653 [Ref. 4]. Details of the design and construction of MxWJ Model 5662-1, the mode-
scale waterjet system, rotors, and propulsion nozzles, as well as additional photographs, are
presented in Reference 3. Principal dimensions of the MxWJ stern design and arrangements are
presented in Appendix A, Table A2, and in an associated sketch, Figure Al.
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Fig. 1. Mixed-Flow Waterjet (MxWJ) Model 5662-1 with propulsion nozzles installed



The appended experiments to define the drag on MxWJ Model 5662-1 were conducted with
the propulsion nozzles installed on the model, but with the waterjet inlets (intakes) covered by
thin galvanized metal plates cut to the shape of the inlets, and affixed to the model with white
fairing tape. When the inlets were opened for powering tests, right-angle (“L” shaped) pitot
tubes were installed under the hull at waterjet station 1.

To produce turbulent flow along the model, turbulence stimulator studs of 1/8-inch diameter
by 1/10-inch height, spaced 1 inch apart, were affixed to the model approximately 2-inches aft of
the stem, and continuing down to and around the bulb approximately 2 inches aft of the FP.

Model 5662-1 resistance, powering, and initial waterjet priming tests were conducted at the
JHSS hullform design displacement (DES) of 36,491 tons, static even keel (zero trim). Ship
hydrostatic values corresponding to DES displacement are presented in Appendix A, Figure A2.
In order to reduce the transom draft for the waterjet priming investigation, the model was
ballasted to three incrementally lighter displacements, culminating in the final displacement
required to submerge the rotor inlets to the 25% level. The tested model displacements
corresponded to full-scale displacements of 34,620 tons (-5.1%), 32,755 tons (-10.2%), and
30750 (-15.7%). Static even keel was maintained for all displacement conditions.

Instrumentation

The testing of Model 5662-1 contained herein was conducted in parallel with resistance and
powering tests in waves. The model installation on Carriage 2 was such that all testing
techniques could be accommodated by a single model set-up and instrumentation.

Linear bearing, floating platform “Cusanelli” tow posts [Ref. 5], were utilized for both the
forward and aft attachment points of the model to the carriage towing girder. To accommodate
wave generation in Basin #2, it is required that the nominal water level be lowered by 30 inches.
This necessitated that the model tow posts be attached to the Carriage 2 floating girder through
'box' extension brackets. Mechanical connections between the tow posts' instrumentation and the
model were made through double-axis gimbal assemblies. The gimbal assemblies were mounted
on two linear glide rails attached to the model, fore and aft, that were locked in a single
longitudinal position throughout the testing contained herein.

In order to accommodate the test configurations at angles of yaw, the entire aft tow post
assembly was suspended from a transverse sliding rail that allowed repositioning of the tow point
perpendicular to the carriage towing girder. Yaw angles were defined as positive (+) bow-to-
starboard, aft-to-port, as presented in Appendix A, Figure A3. To accommodate the yaw angles
imparted, both the fore and aft gage sets were fastened through rotation couplings. The model
yaw pivot axis was located at the centerline axis of the forward gage set installed on the forward
tow post. The forward and aft gage sets rotated with the centerline of the model, so that model
forces axes of measurement and sign conventions remained consistent in the model coordinate
system, whether the model was set at angles of yaw or at zero yaw. For reference, the distance
between the forward and aft gage sets (side force measurement points) was 147.5 inches model-
scale. The installation in this fashion allowed for the model to be restrained in yaw, but free to
pitch, heave, and roll, whether set at zero or non-zero static yaw angle.

Primary resistance (drag) measurement was collected using a DTMB 4-inch block gauge of
100-Ibf. capacity. Primary drag force was measured at the forward tow post, at a position of ship
station 5.44 (model-scale 91 inches forward of mid-ship station 10). A secondary drag force
measurement was made at the aft tow post, positioned at ship station 13.44 (model-scale 57.5
inches aft of mid-ship station 10), using a 4-inch block gauge of 50-Ibf. capacity. During testing,
this drag gage was allowed to 'float' so as to impart minimal forces on the model. The drag
forces measured at this point, were, however, incorporated into the overall drag measurement.
Axis of measurement for both drag forces are along the model centerline.



Model forward and aft side force measurements were collected with DTMB 4-inch block
gauges of 50-Ibf. capacity. The forward side force measurement was made at the forward tow
post and the aft side force measurement was made at the aft tow post. Axes of measurement for
side forces are perpendicular to model centerline, with sign convention positive (+) force to Port
and negative (-) force to Starboard.

Dynamic sinkage, defined as positive (+) downward, was measured by wire potentiometers
located at the intersection of the deck line at Station 2 forward and Station 16 aft.

The thrust and torque on the four rotor shafts were measured with Kempf and Remmer’s
(K&R) model R31 dynamometers, of 22-Ibf. thrust (T) / 35-in-Ibf. torque (Q) capacity. To
insure equivalent shaft rotational speed (RPM), all four rotor shafts were driven through 1:1
drive ratio “T”’ gearboxes and mechanically coupled so that all shafts were powered by a single
19 hP constant-torque electric drive motor. Shaft rotation for all four rotors was inboard-over-
the-top. A single electronic pulse counter system was used to measure shaft RPM.

Calibration of all instrumentation was performed prior to the tests in the NSWCCD Code
5200 calibration lab by D. Mullinix (CSC contractor).

YAW EFFECTS ON WATERJET POWERING

In order to determine the effects of yaw angles on model waterjet powering, resistance and
powering tests were conducted on MxWJ Model 5662-1 at angles of yaw equivalent to 0°, 1° and
3°, and at equivalent ship speeds of 20, 25, 30, and 36 knots. Photographs of Model 5662-1
during the yaw angle tests are presented in Appendix A, Figures A4 and AS.

Model-scale measurements of drag and fore and aft side forces were recorded for the three
yaw angles during resistance (unpowered). Force values at 1° and 3° yaw were compared to the
equivalent forces measured at zero yaw angle. Recorded drag and side force measurements are
presented in Appendix A, Table A3 and Figure A6. For the model condition of largest yaw
angle (3°) and the highest speed (36 knots) tested, the total side force recorded, expressed as a
moment, was 759 ft-lbs, which resulted in an increase in drag of 2.53 Ibs, corresponding to a
7.7% increase in model resistance.

Model powering tests were then conducted at the three angles of yaw. Model-scale rotor
RPM was kept constant across the yaw angles, equivalent to the value determined during the
standard propulsion tests (zero degree yaw), for the model operating at the ship propulsion point
(model Dy applied). Model-scale measurements of drag and fore and aft side forces were again
recorded at yaw and compared to the equivalent forces measured at zero yaw angle, presented in
Appendix A, Table A4 and Figure A7.

During the powering tests, rotor force measurements of thrust, torque, and RPM were
recorded for all four waterjets when at the yaw conditions, and compared zero angle case,
presented in Appendix A, Table A5 and Figures A8 and A9. Model-scale rotor force
measurements of thrust and torque at angles of yaw up to 3 degrees showed little variation
compared to the equivalent forces measured at zero yaw angle. By way of example, the thrust
and torque plots, for variations in yaw angle and speed, are presented for the port outboard rotor
in Figure 2. In most cases, the thrust and torque measurements decreased when the model was
placed at an angle of yaw. The testing technique was such that the model speed and rotor RPM
were kept consistent between 0 degrees and 3 degrees yaw angle, therefore, the rotor advance
coefficient was also constant. The variation in rotor forces recorded for 3° yaw when compared
to zero degrees were in the range of +2.2% to -6.25% on Thrust, and 0% to -5.52% on Torque.
Interestingly, even though starboard yaw angles were tested, the port side rotor measurements
appeared to exhibit slightly greater variations across the tested yaw angles than did the
corresponding starboard side measurements.
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Fig. 2. Example model-scale rotor force variations due to yaw angle, port outboard rotor

Model Test Uncertainties - Resistance & Powering Measurements

Time constraints of the present testing series on the MxWJ Model 5662-1 did not allow for a
determination of measurement uncertainties on this model. However, as aforementioned, the
MxW]J was the second of two waterjet model variants of the JHSS parent hull, the previous being
the Axial Waterjet (AxWJ) Model 5662. Due to the similarity of the two hulls, and the use of
the identical rotors, measurement instrumentation, electronics, and testing techniques, it can be
assumed that the measurement uncertainty between the two hulls would be similar.

Measurement uncertainties were determined on AxWJ Model 5662 for the quantities of
model speed, and hull resistance, and for combined inboard and outboard shafts quantities of
shaft thrust, torque, and rotational speed (RPM), presented by Cusanelli and Carpenter [Ref. 3].
Overall uncertainties were determined by combining bias and precision limits using the root-
sum-square (RSS) method for a 95 percent confidence level. The values for torque and RPM
were then used to determine the uncertainty in the calculation of delivered power. The
determined uncertainties for measured model delivered power reflect the combined measurement
uncertainties of eight model quantities, shaft torque and RPM, for each of four shafts.

Resistance measurement uncertainties, at 25 and 36 knots, were determined to be +0.85%
and +0.33% of the measured nominal mean values, respectively. Likewise, the model scale
delivered power measurement uncertainties were +1.72% and +1.05%, at 25 and 36 knots.

SUBMERGENCE EFFECTS ON WATERJET PRIMING

Tests were conducted on MxWJ Model 5662-1 to investigate the effects of variations in
model transom depth, and by extension the submergence of the waterjet pump inlet, on the
priming of the waterjets. Observations were made visually as to the state of fluid flow through
the waterjet, and assessments were made as to the condition of waterjet priming, at four different
transom depths and three different model speeds. In order to reduce the transom draft during the
priming tests, the model was ballasted, even keel, to incrementally lighter displacements.
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Fig. 3. Model 5662-1 pump inlet diagram showing  and a minimum submergence of 25%.
submergence criteria definition

Three different model speeds were tested, 0, 0.5, and 1 knot (corresponding to 0, 2.9, and 5.8
knots full-scale), to determine if there was any effect of speed on the priming of the pumps.

Visual observations in regards to priming were made at the waterjet nozzles. The assumption
was made that the priming level observed at the nozzles would be representative of the overall
priming state of the waterjet. The definition of priming level at the nozzles was the equivalent
criterion as that used for the waterjet pump inlet submergence, refer to Figure 3. Priming was
recorded as the percent of the nozzle diameter filled with waterjet exhaust flow, up through and
including 100%, which by definition was considered fully primed. Photographs depicting the
different levels of waterjet priming, as observed at the nozzles, are presented in Appendix A,
Figure A10. The sole exception to this criterion was for priming level recorded as 95%. For
these cases, the nozzle appeared to be essentially full, but the waterjet exhaust flow was observed
to have a sharp downward angle immediately aft of the nozzle trailing lip. It was decided by the
test engineers, for 100% primed to be recorded, the waterjet exhaust flow should be observed to
project perpendicular to the nozzle, immediately aft of the nozzle exit.

The MxWJ Model 5662-1 waterjet nozzle priming levels as a function of pump inlet
submergence, with variations in rotor RPM and model speed, as tested, are presented in
Appendix A, Table A6 and Figure A11. Also presented in Figure A12 is the priming data re-
plotted as a function of model speed.

While reducing the static pump inlet submergence from the DWL value of 57%, to 47%, and
36%, did effect the relationship between rotor RPM and nozzle priming level, the effect was not
substantial. On average, each nominal 10% reduction in pump inlet submergence increased the
model-scale rotor RPM for equivalent nozzle priming level by 100 RPM (~18 RPM ship-scale).
However, this relationship did not hold true for the minimum 25% pump inlet submergence
level, where substantial increases in rotor RPM, sometimes as much as three times the previous
RPM value, was required for equivalent nozzle priming level.

Essentially the same results were exhibited for the influence of model speed on the pump
priming. The increases in model-speed from 0 to 0.5 knots, and then 1.0 knots (ship speeds of 0,
2.9, 5.8 knots) had only a small influence on waterjet priming. On average, each 0.5 knot
increase in model speed reduced the model-scale rotor RPM by 100 for equivalent nozzle
priming level. Again, the exception being the test at the 25% pump inlet submergence level,
where, at the higher RPM values, the influence of speed amounted to approximately a 200 RPM
reduction in rotor speed for equivalent nozzle priming level.
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Trends in the data of Figure 4 indicate that the initial waterjet design criterion of retaining
50% of the rotor submerged was conservative, and could be relaxed somewhat, possibly to the
35% submergence level, for future designs. It also indicates that a static pump inlet
submergence as low as 25% appears to be at a level where pump self-priming may not occur at
reasonable rotor RPMs.

Additional observations, made during the testing at a model speed of 1.0 knots for the 25%
pump inlet submergence level, indicated that once pump priming had been attained at the
extremely high model rotor RPM, it could then be reduced to as low as 400 RPM before the loss
of the 100% primed level. A rotor RPM of only 400 is below the RPM value observed for
incipient priming for any of the tested pump inlet submergences. This observation appears to
indicate that if pump priming is induced by some external means, the waterjet should retain its
primed state down to fairly low rotor RPMs, even when the initial pump inlet submergence is as
low as the 25% level.

CONCLUSIONS

This report is a partial documentation a series of model-scale experiments conducted on
Mixed-Flow Waterjet (MxWJ) Model 5662-1, a waterjet propelled variant of the Joint High
Speed Sealift (JHSS). Data and evaluations are presented from initial investigations into:
(1) The effects of model yaw angles on waterjet powering; and (2) The effects of variations in
the submergence of the waterjet pump inlet on the priming of the waterjets.

Model-scale rotor force measurements of thrust and torque at angles of yaw up to 3 degrees
showed little variation compared to the equivalent forces measured at zero yaw angle. In most
cases, the thrust and torque measurements decreased when the model was placed at an angle of
yaw. The variation in rotor forces recorded for 3° yaw when compared to zero degrees were in
the range of +2.2% to -6.25% on Thrust, and 0% to -5.52% on Torque. Interestingly, even



though starboard yaw angles were tested, the port side rotor measurements appeared to exhibit
slightly greater variations across the tested yaw angles than did the corresponding starboard side
measurements.

The submergence of the waterjet pump inlet was varied from the design waterline, where
57% of the inlet was submerged, to a minimum submergence of 25% level. Visual observations
as to the state of fluid flow through the waterjets indicated that the initial waterjet design
criterion of retaining 50% of the rotor submerged was conservative, and could be relaxed
somewhat, possibly to the 35% submergence level, for future designs. However, pump inlet
submergence as low as 25% appears to be at a level where pump self-priming may not occur at
reasonable rotor RPMs.

Additional observations indicated that once pump priming had been attained, the model rotor
RPM could be reduced substantially before the loss of the 100% primed level. This observation
appears to indicate that if pump priming is induced by some external means, the waterjet should
retain its primed state down to fairly low rotor RPMs, even if the initial pump inlet submergence
is as low as the 25% level.

ACKNOWLEDGEMENTS

Current members of the JHSS Hydro Working Group include the following individuals from
NSWCCD: Robert Anderson (Code 2410), Gabor Karafiath and Dominic Cusanelli (Code 5200),
Stuart Jessup (Code 503), Siu Fung, Colen Kennell, and George Lamb (Code 2420), Michael
Wilson, Thad Michael, and John Scherer (5400), and Edward Devine (Code 6540). Additional
HWG members are: Christopher Dicks (FORNATL-UK), and Jeff Bohn, Steve Morris, and John
Slager (CSC).

The author would also like to acknowledge the following for their contributions: B. Metcalf
(NSWCCD Code 5200) and D. Mullinix (CSC).



bl

REFERENCES

. “Rapid Strategic Lift Ship Feasibility Study Report”, Ser 05D/097, NAVSEA 05D, (29 Sept.

2004).

Wynn, Steven, “Joint High Speed Sealift (JHSS)”, NAVSEA Presentation, (March 8, 2006).
Cusanelli, D.S. and S.A. Carpenter, “Axial Waterjet (AxWJ) Model 5662 and Mixed-Flow
Waterjet (MxWJ) Model 5662-1: Comparisons of Resistance and Model-Scale Powering with
Propulsion Nozzle Designs" NSWCCD-50-TR-2007/076 (Oct 2007).

Cusanelli, D.S., “Joint High Speed Sealift (JHSS) Baseline Shaft & Strut (Model 5653)
Series 1: Bare Hull Resistance, Appended Resistance, and Alternative Bow Evaluations”
NSWCCD-50-TR-2007/066 (Aug 2007).

Cusanelli and Bradel, “Floating Platform Tow Post” United States Patent No. 5,343,742
(Sept. 6, 1994).



This page intentionally left blank.

10



APPENDIX A
Model 5662-1 Data and Analysis

Al



Al.

A3.
A4.
AS.
A6.
AT7.
A8.
A9.
A10.
All.

Al2.

Al.

A3.
A4.
AS.
A6.

APPENDIX A FIGURES Page

MxWJ Model 5662-1 sketch of transom and waterjet arrangement ............c.ccccoeveviniieciiinenineennen A3
MxW1] hydrostatic calculations, design SPIACEMENT ....c.ivminmmsnnismmammssisssmmssssivsmssssnmis A4
MxWIJ Model 5662-1 yaw angle diagram ..............cccocooiiiiiiiieiiiiinieieeceecceee st AS
MxWJ Model 5662-1 photos, powered at 1 degree yaw to starboard .............c.ccccooiiiiiiiiiicciennen. A6
MxWJ Model 5662-1 photos, powered at 3 degrees yaw to starboard ..............ccccevviiiiiiininicnnn. A7
MxWJ Model 5662-1, drag and side force measurements, resistance tests at angles of yaw .......... A8
MxWJ Model 5662-1, drag and side force measurements, powering tests at angles of yaw ............ A9
MxWJ Model 5662-1, rotor thrust measurements, powering tests at angles of yaw................c........ Al0
MxWIJ Model 5662-1, rotor torque measurements, powering tests at angles of yaw........................ All
MxWJ Model 5662-1 photos, waterjet nozzles at various levels of priming ............c.ccccoceviiiiiene Al2
MxWJ Model 5662-1, waterjet nozzle priming level as a function of pump inlet submergence,

Wit variations i stor K P M anil el spRel o visssamnnnnnissis s e e Al4
MxWJ Model 5662-1, waterjet nozzle priming level as a function of model speed, with

variations in pump inlet submergence and rotor RPM ... AlS

APPENDIX A TABLES Page

Test Agenda, MxWJ Model 5662-1, yaw and waterjet priming tests ...........cccocveeueiiiueeiiueniueriineennns Al7
Principle dimensions of the MxWJ stern design and arrangements ..............ccocevveeieeiieciiiieinccnnnen. Al8
MxWJ Model 5662-1, drag and side force measurements, resistance tests at angles of yaw .......... Al9
MxWJ Model 5662-1, drag and side force measurements, powering tests at angles of yaw ............ Al9
MxWJ Model 5662-1, rotor force measurements, powering tests at angles of yaw...............ccc........ A20
MxWJ Model 5662-1, waterjet nozzle priming level as a function of pump inlet submergence,

with variations in rotor RPM and mode] SPeed ....ouvmisaissmmumiaserivissriims i A22



134

Juswa3uelre 12(131em pue wosuen Jo YIS [-7996 [PPOA [MXIN "1V 314

= ONIOVdS IONVS - L4 #8'L
IONVHVITO IONVIS - 14 ZvS0
3ONVHV3TO 3ONV1d - L4 €L o

et ONIOVdS 3ONVId - L4 ¥9°L

- o S i

HLld30 NOSNVYL - 148.8

3ONIOUINENS LIVHS - 13 959°0

IMA @ HLOIM WOSNYYL - L3 €1'69

VIQ 372ZON - L4 82'99

VIQ L3INI - L4 61'6¢

VIQ 3ONVd XVIN - L3 81'S L@

L3r&divm MmO Q3XIN




v

yuawase[dsip uSisap ‘suone[noed dueIsoIpAY [MXN TV B

(wbs 2272 ) yospo'eg = 3OV4HNS GILLIM = “, MRS = M<\M< i Mmzo
oy = | 200 = 14 poyo = ddMy
(v160) saLio0e = IN3W3OVdsIa 08 = 3, 6s90 = Xglg o0 = dMy
(Wez0) uzg0 = X1 19vHa L8 = M1V sgz0 = Xyly L0 = %o
(Wpe0 ) HLOE = *8) wvas o i == xx._.\xm e Mmo
L9850 = MV gses =  Xgnm ozs0 = 3dp
(wesg ) yerse = (IM1) HLONT 2080 = IM1/84 €62 = Sy ggo0 = Vdy
(wevs) Y8 = (d87) HLONT oo = M1 0980 = Mm»o L6v0 = “_Mo
1ZIpe = OLLVH STV9S 0000 = 4;4\“._4 2080 = n_>o 0%°0 = mo
0es0 = MY 1690 = 9 wro = 8

v1iva 31vOS 1300 SIN3IOI44300 TYNOISNIWIANON

(oS '9p06) WPS ZLEL6 = 3IOV4HNS AILLIM
(1'SL0LE)  10'16Y9E INIW3OVdSIa j

(WO0'0 ) ¥000 = (mog+) WKL \ | 1111
(wev's) yessz = (X1 14vua
(Wee'le) WSLvOL = *g) wvag

(wzz862) ¥02086 = {IM1) HLONTT
(w12'682) ¥ 15056 (dg1) HLONIT

SNOISN3WIQ TVdIONIHd

9002/01/90 ding %08ussooy) |InH 1el18le M\ MO|d PaXIN SSHI

tianiamiianaal maamT Al T AT AL T Bsna T AaAmL 1A tan



: Positive Yaw Angle
Bow to Starboard

_
s
e s

Model Yaw Pivot
Axis at FWD Gage
on Tow Post

o/ Comorn,,. at Yoy,

—
—
—
——

S, A M | ——— ] Station13.44

—
—
-
——

/(B
WO A ;’5 L —. Model Centerline

-~

Model Centerline.

Force axes remain
consistent in model
coordinate system.

I Gage Sets Rotate with

/
|
|
I
|
|
/ |
/
| Not Drawn to Scale.
IL‘ A:'k ——JI Yaw angle exaggerated.

Fig. A3. MxWIJ Model 5662-1 yaw angle diagram

AS



oV

vV 814







w =
(3] o

w
o

N
o

Model-Scale Drag Force (Ibs)
& 3]

10

Drag Force (Ibs) at Angles of Yaw

G

B 2 )

/0
s

vy

/4

Ty

¢ 3deg Yaw
/ e 1deg Yaw

/ m 0Odeg Yaw

A A A A A A A A A ' A A I A A A A

20 25 30 35 40
Ship Speed (knots)

FWD Side Force (Ibs) @ Yaw

E 0 * -
38 -5
(54
(s}
L -10 &\ -
o E B
w-15 F
g E
e - N
225 [ i
8 “Y F| e 3deg Yaw \
@ :
3 30 [ e 1deg Yaw N
§-35 E ! m Odeg Yaw
AO:AILJLAIIA P S N Y PO T
20 25 30 35 40
Ship Speed (knots)
30 AFT Side Force (Ibs) @ Yaw
L I
% _ F| * 3deg Yaw
525 5 /
2 | ® 1deg Yaw /
520 H = Odeg Yaw
8. I /
» 15 ¢ /
E E
10 F
gl /ﬂ
3 5¢
8
2 0 - -
_5 TR WA Y § [ oy M A A 4 A4 2 1
20 25 30 35 40
Ship Speed (knots)

Fig. A6. MxWJ Model 5662-1, drag and side force measurements, resistance tests at angles of yaw

A8



Drag Force (Ibs) at Angles of Yaw

20
o L
£
215 | -
@
o
5 o
w | -
g10
D -
@ I
g i e 3deg Yaw
5 p—yg
%‘5 e 1deg Yaw
= m Odeg Yaw
o T d_ & 4 A A 2 4 24 8 g l E_a 3. 3§
20 25 30 35 40

Ship Speed (knots)

FWD Side Force (Ibs) @ Yaw

Z o *
8 5
Llc-’-10‘-\ e
& g ol
6-15: =
= -20 F
= 25 k4
% I 3deg Yaw \
%‘30 | @ 1deg Yaw
= -35 | m 0Odeg Yaw ~
_40‘.;1[11:. T G ¢ s i E
20 25 30 35 40
Ship Speed (knots)
30 AFT Side Force (Ibs) @ Yaw
[ I
% _ FE| ® 3degYaw
225 H
oy [| @ 1deg Yaw /‘
o f
EZO - = Odeg Yaw /
ek
» 15 F
- C
<10 =
© "
8
4
g
s -
_5 A i A4 4 A3 3 g R N 1
20 25 30 35 40

Ship Speed (knots)

Fig. A7. MxWIJ Model 5662-1, drag and side force measurements, powering tests at angles of yaw

A9



Port Otbd T (lbs) @ Yaw

10 ¢
= 5k /]
[ -
2 E /
® 8 /
E o
F TE
5 |
e S
@O L
8 St
2 v 3deg Yaw
o 4 K =
3 - » 1deg Yaw
= 3 . Odeg Yaw |
2 :l AL A A Ak X A A L A l A A A A
20 25 30 35 40
Ship Speed (knots)
10 Port Inbd T (Ibs) @ Yaw
FI: 4
= : Vi
[2] -
E I /
= 7F
8 o .4
QOS 6: /
2 C
S S5E =
@ E ¢ 3deg Yaw
g 4.'// e 1degYaw ||
3 E m Odeg Yaw [T
2 :- { S e { P - A A I Ve
20 25 30 35 40
Ship Speed (knots)

Model-Scale Rotor Thrust (Ibs)

Model-Scale Rotor Thrust (Ibs)

w A O o

-
N o® © O

N WA O O

10 ¢

2

Stbd Otbd T (Ibs) @ Yaw
~ v 3deg Yaw
/ , 1deg Yaw
g v 0deg Yaw |
: A AL A A 2k A A A A A I A y | A
20 25 30 35 40
Ship Speed (knots)
Stbd Inbd T (Ibs) @ Yaw
: ¢ 3deg Yaw
e 1deg Yaw [
: m Odeg Yaw [
: A = 3 A A A A A A A " ¥ A A I A A A A
20 25 30 35 40
Ship Speed (knots)
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Table 1. Test Agenda, MxWJ Model 5662-1, yaw and waterjet priming tests

Day | DATE |TEST| DISP [TAsSK GLIDE | WAVES | aoa | ¢a (kn":‘) rens
51 _ Block gage removed. mmmmdnﬂmmﬂmmwdm 2
._New Block Gage calibrated, installed, checked out.
52 DES Ca_anathm-NewNockma Locked  Calm N/A 25,38 1
1/100
INCREASED Resistance @ 36 knots in Regular
53 DES . Locked REGULAR 0.966 175 36 3
Mon  9-Jul Wmees;foaesmsesion;of Test 50) 1/65
54 Baseline PE Test (0 ) for Yaw Study 20253
55 DES Yawangle 1 _, Unpowered (PE) Locked Calm N/A 0'36' 3
56 Yaw angle 3 , Unpowered (PE) 3
- LITE Removal of waterbomne. Ballast to LITE dynamic waves conditions. 2
57 LITE Calm Water Resistance Locked Calm N/A 25,36 1
SS6 Random Waves Sampling, Wavemaker adjustments. 0 1
58 LITE ADDED Resistance, Random Waves SS6. Data Lickd RANDOM SS6 25.36 7
collection for 60 minutes full-scale equivalent. 4
Tue 10-Jul | 59 LITE Calm Water Check Test Locked Calm N/A 25,38 1
- LITE Remove Waterjet Inlet Covers and Nozzle Plugs (Waterborne) 1
2(1) LITE wmwmkmomn,wmm Lockedl Cal NA 25,36 2
Calm Water Power, Ship Propulsion Point and
LITE Model Self-Propulsion (DF=0) Locked Calm N/A 25,36 2
Free to
Wed 11-Jul 63 LITE Calm Water Power, Model Self-Propulsion Surge Calm NA 25,36 1
SS6 Random Waves Wavemaker adjustments. 1
64 LITE ADDED Power, Model Self-Propulsion. 60min equ Free to
at each speed. RANDOM SS6 25,36 7
SS6 Random Waves Wavemaker adjustments. 0 1
65 LITE ADDED Power, Model Self Propulsion (DF=0). RANDOM SS6
60min equ at each speed. i il
Thur  12-Jul - DES Add weights waterbome. Ballast back to DES dynamic waves conditions. 1
66 Calm Water Power, Ship Propulsion Point. 25, 36
Baseline Test (0 ) for Yaw Study 4
i DES Yaw angh . | (PD Locked Calm NA 2?)%56'3
68 Yaw angle 3 , Powered (PD : 2
69 DES Calm Water Power, Model Self-Propulsion floelo  Caim NA 25,36 2
Fi  13-Jul SS6 Random Waves Wavemaker 0 1
70 DES ADDED Power, Model Self-Propulsion. 60min equ Fraeto RANDOM SS6 2536 7
at each speed. Surge :
Test Week 3 12-hour days
1/150
& 1125
INCREASED Power, Model Self-Propulsion 25 0882 1100 25
knots. Max ARO Wavelength. = 178
Mon 16-Jul| 71 DES Froe o REGULAR 1/60 12
1/150
INCREASED Power, Model Self-Propulsion 36 0.966 1125 36
knots. Max ARO Wavelength. : 1/100
1/75
SS6 Random Waves Sampling, Wavemaker adjustments. 0 1
Tue 17-Jul 72 DES ADD:DPoner,ModelSd-PmpdsionPoutGOvm Locked RANDOM SS6 25,36 8
ADDED Power, Ship Propulsion Point. Locked 25 3
73 DES SSGMWMWQ.WWWS RANDOM SS6 0 1
ADDED Power, Ship Propulsion Point. Locked 36 4
CainWﬂseruthepeatCheckTesl.Ship
Wed 18-Jul 74 DES Point. Locked Calm NA 25,36 2
75 DES Cs:anerPowujlthepeatdnckTest.Modd Locked Cal NA 25,36 2
- - MMMW&MHW&NMW 2
3 ~ Observations of Waterjet Priming. Nozzle Drat  ADraft 5“"""“‘“ Speed
| whmemence, A FEM. WO . o) gy e 0 )
Thur  19-Jul 76 DES MD‘MH’M 9.744 0 - 199 0.57
77 Condition 2: ~102ibs removed (3 bricks) 9307 0347 165 04 .o o
78 Condition 3: ~204ibs removed (6 bricks) 9042 0355 1.29 0.36 Y
| 79 Condition 4: ~314ibs removed (9 bricks + 8ibs) 0364 093 025
2004l - - DERIG: Model and Carriage
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Table A2. Principle dimensions of the MxW]J stern design and arrangements

Full-Scale | Model-Scale
Design Installation

Pump Inlet Diameter (ft) 9.19 10.02
[1] Ratio: W] Max Dia to Pump Inlet Dia 1.65 1,21
[1] Waterjet Maximum Diameter (ft) 15.16 12.16
Nozzle Exit Diameter (ft) 6.28 6.28
[2] Flange Clearance, Minimum Stipulated (ft) 1.64 n/a
Flange Clearance, Inboard-to-Outboard Jets, port and 1.64 n/a
starboard (ft) :
Flange Clearance, Inboard Jets (ft) 1.84 n/a
[2] Pump Inlet Spacing, Inboard-to-Outboard Jet, port 16.80 16.80
and starboard, center-to-center (ft) G :
Pump Inlet Clearance, Inbd-to-Otbd (ft) 7.61 6.77
Pump I_nlet Clearance, Inbd-to-Otbd, Percent Pump 83% 68%
Inlet Dia (%)
Pump Inlet Spacing, Inboard Jets (ft) 17.00 17.00
Pump Inlet Clearance, Inboard Jets (ft) 7.81 6.97
?ol;lol';‘lp Inlet Clearance, Inbd, Percent Pump Inlet Dia 85% 20%
Minimum Transom Width, W] MAX diam plus stipulated 67.19 nfa
clearances (ft)
Transom Width (ft) 69.13 69.13
[3] Waterjet Submergence, Minimum Stipulated, 50% _—
Percent Pump Inlet Diameter (%)
Waterjet Submergence, Minimum Stipulated (ft) 4.59 n/a
Shaft Centerline Submergence, below DWL (ft) 0.66 0.66
Waterjet Submergence (ft) 5.25 5.67
Percent Inlet Diameter Submerged (%) 57.1% 56.5%
[3] Transom Depth (ft) 8.78 8.78
*Flange-to-Hull Clearance (ft) 0.54 n/a
Transom Wetted Surface Area (ft?) 577.3 577.3
Transom Volume aft of Station 15 (ft)) 208,064 208,064

Table dimensions are Full-Scale.

Values correspond to design displacement (DES) of 36,491 tons
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Table A3. MxWJ Model 5662-1, drag and side force measurements, resistance tests at angles of yaw

Drag & Side Forces at Angles of Yaw (UNPOWERED)

Drag Force (Ibs) FWD Side Force (Ib) AFT Side Force (Ib)
VS Odeg ideg 3deg Odeg ideg 3deg Odeg 1deg 3deg
(knots) Yaw Yaw Yaw Yaw Yaw Yaw Yaw Yaw Yaw

20 10.98 11.30 11.80 0.00 -2.41 -7.37 0.00 1.65 4.90
25 17.27 17.54  18.40 0.00 -490 -14.69 | 0.00 3.60 9.43
30 23.32 23.61 25.23 0.00 -7.84 -21.70 | 0.00 5.75 14.30
36 3282 3331 35.35 0.00 -12.59 -37.27 | 0.00 9.84 24.49
Drag Force (Ibs)

VS A vs. 0° Yaw
(knots) ideg 3deg
20 0.32 0.82
25 0.27 1.13
30 0.28 1.91
36 0.49 2.53

Table A4. MxWJ Model 5662-1, drag and side force measurements, powering tests at angles of yaw

Drag & Side Forces at Angles of Yaw (POWERED)
Drag Force (Ibs) FWD Side Force (Ib) AFT Side Force (Ib)
VS Odeg 1deg 3deg Odeg ideg 3deg Odeg ideg 3deg
(knots) Yaw Yaw Yaw Yaw Yaw Yaw Yaw Yaw Yaw
20 4.25 4.45 4.93 0.00 -2.31 -8.03 0.00 1.89 5.06
25 6.32 6.73 8.01 0.00 -3.82 -14.28 0.00 2.93 9.16
30 8.44 9.07 10.53 0.00 -7.33 -23.22 0.00 5.67 14.71
36 11.75 12.99 15.55 0.00 -15.28 -37.84 0.00 11.60 24.30
Drag Force (Ibs)
VS A vs. 0° Yaw
(knots) ideg 3deg
20 0.20 0.68
25 0.40 1.68
30 0.63 2.09
36 1.24 3.79

Al9



(ira
120 000 €00 €0°'0- 91'0- ZE0- 80°0 00°0 19602 9¢
11°0 z0'0 10°0- zo'o- 61°0- Z€'0- 90°0 €00 UL 0€
$0°0 10°0 €0°0- zo'o- 12°0- 9€°'0- Z0'0 000 P'PEST T4
010 000 10°0- 10°0- $1°0- 8€°'0- z0'0 $0°'0- 5'0LZT oz
(sa) L @a-u)d | (sap L @(a-u)d (sap L @a-u)d| (sap L (@qgr-u)d WdY (s30u¥)
MBA o0 'SAV MBA o0 'SAV MBA o0 'SA V MBA o0 'SAV 1030y SA
meA 6apg meA Bapt meA bapg meA Bapt
pleoqu] pleoq.els pieoqu] Hod
GS'6 509 8€'6 Z0'9 vE'6 oK) /8'8 V'S 116 vL°S €0'6 €4°S 1°960C of
G6'9 0f'p £€8'9 L'y ¥8'9 8Z'v 8€'9 69'€ 29'9 S0P L5'9 20t T'TLLT 0€
0€'S LT'E €2'S P1'€ 9z's 91'€ Z8'v 09'C G0'S L6'C €0'S L6'C P'PEST 14
8L'€E 12 L9'E S1'Z 89'€ L1 Iv'€ 95'T 95'€ 16°T $S'€ G6'T S'0L2ZT 0z
(sap L @arund | (sad L @ar-und | (sa) L Ga-u)d | (sap L @Qaru)d | (sa L Ga-u)d | (sa) L  @Ga-u) d|  Wdd (s30uy)
meA Bapg mep 6apt meA H6apo meA Bapg meA Bapt meA 6apo 1030y SA
pieoqu] pieoqJels pieoqu] Hod
S1°0- Z0'0- 80°0 10°0 Z9°0- /00 Sp'0- 91°0- 1°9602 of
L0'0- S0'0- 010 000 Sb'0- Z1'0 0zZ'0- 80°0- 2'TULT o€
Z0'0 zZo0'0 90'0 10°0- GE'0- Z1'0 80°0- $0°'0- P PEST T4
G0°'0- 10°0- L0'0 zo'0- 1Z2'0- 91'0 90°0- zo'o- S'0LZT 0z
(saD L @a-u)d | (sa L @a-u)d (sap L @ag-u)d | (sa) L @qi-u)d WdY (s30u¥)
MBA o0 'SAV MBA o0 'SAV MBA o0 'SA V MBA o0 SAV 1030y SA
meA 6apg meA bapt meA bapg meA b6apt
pJeogino pJeog.eis pleogino Hod
68'8 ¥6'S €1'6 .6'S v0'6 96'S 626 S.'S o9v'6 eSS 166 89°'G 1°960C of
b9 aRZ 19'9 61t 169 61t rAAL°) 90'p 169 98¢ V28 Y 4 $6'€ 22T 0€
L6'Y ZI'E 10'S 60'€E g6t oT'€ ST'S €0'€ (42 88'C 0SS z6'C P'PEST (T4
6€'€ 66'T 15°€ 66'T pp'E 102 S9'€ 00°'C 08'€ Z8'1 98¢ ¥8'T S'0LZT 0z
(sa) L @aru)d | (sad L @a-u)d | (sa) L @a-u)d | (sapL @q-und | (sa) L Wa-u)d| (sal L @aru)d| Wdd (s30ux)
meA bapg meA bapt meA 6apo me A Bapg meA Bapt meA 63apo 1030y SA

pleoqino pJeoqleis

pieoqinQ Hod

me£ Jo so[3ue je §)59) Suomod ‘S)uAWAINSBAW 3010J 10301 “[-799S [PPOA [MXIN SV d[qeL




YA 4

(suosiiedwod aAeusale Joy padnolbal ejeq)

120 €00 910- 800 S10- 800 Z90- Sv0- 1960C ot
110 10°0- 61°0- 900 L0°0- 010 Sv'0- 0zZ'0- TTLLT o€
$0'0 £0°0- 1Z'0- Z0'0 Z0'0 900 GE'0- 80°0- P'PEST T4
01'0 10°0- #1°0- zo'o S0°0- L0°0 1Z2°0- 90°0- S'0LZ7 0z
Bapg Bept Bapg Bapt Bapg Bapt Bapg Bapt WdY sjouy
MBA o0 'SAV MBA o0 SAV MBA o0 'SAV MBA o0 'SAV 1030y SA
L PQuUI PQIS 1 pPQuI 30d 1 PQI0 PQIS _ L PGI0 H0d —
SS'6 8€'6 PE'6 /8'8 116 €06 68'8 €16 ¥0'6 626 ov'6 16°6 1°960C of
S6'9 £€8'9 ¥8'9 8€'9 z9'9 LS9 ) 19'9 159 zL9 L6'9 P4 974 z'TLLT (o3
0€'S €2'S 9Z's Z8'v S0'S £0'S L6’V 10'S S6'P ST'S Zv's 0S'S P'PEST 14
8L'€ L9'E 89°'€ v'€ 95'€ $S'€ 6€°E 1S'€ b¥'€ S9'E 08'€ 98'c §'0LZ1 0z
Bapg Bap1 6apo Bapg Bept 6apo Bapg Bapt 6apo Bapg Bapt 63p0 WdY sjouy
L PQul PRIS L pqul 30d 1 PQI0 PQIS 1 PQI0 310d 1030 SA
000 €0°0- Z€'0- 000 Z0'0- 10°0 00 910- 1°9602 o¢
zZo'0 z0'0- Z€'0- €00 S0°'0- 000 Z1'0 80°0- z'TLLt (o3
100 zZo'0- 9¢°0- 000 Z0'0 10°0- Z10 ¥0°0- P'PEST sz
000 10°0- 8€°0- ¥0°'0- 10°0- Z0'0- 910 zZo'o- 50421 0z
Bapg Bap1 Bapg Bapt Bapg Bapt Bapg Bapt Wdd sjouy
MBA o0 'SAV MBA o0 'SAV MBA o0 'SAV MBA o0 'SAV 1030y SA
O PquI PqIS — O PquI 30d O PGI0 PAIS 0 PO 10d —
S0'9 209 S09 v's v.'S €LS ¥6'S /6'S 96 'S S.'S ZS'S 89S 1°960C o€
0t'v 'y 8Z'v 69'€ S0'v Z0'v 1A% 61’y 61'v 90'¥ 98'c v6°'€ z'zLLn (o]
LVE PI'E oT'E 09°'C L6'C L6'C Zre 60°'€ or'E €0'E 88°'C Z6'C P'PEST 14
VA & 4 S1'C L1'2 9S'T 16'T S6'T 66'T 66'T 10°2 00'Z Z8'1 ¥8'1 S'0LZ7 0z
Bape bspr  6apo Bape 6ap1 b3po Bape bap1 6apo bape bap1 63po WdY s30UY
O PQUI PGIS © PquI 340d 0O PGI0 PAS D PGIO Hod 1030y SA

penunuod - me£ jo sa[3ue 1e 53593 Juomod ‘SsyuSWLIMSBIW 3910 10101 “[-7996 [PPOIA [MXIN 'SV SIqEL




Table A6. MxWIJ Model 5662-1, waterjet nozzle priming level as a function of pump inlet
submergence, with variations in rotor RPM and model speed

Submergence @ Model Quantities Nozzle

Pump Inlet Set Filed 'O%8 P Cuanmes
Test (inch) (Ratio)  (kts) RPM (%) (kts) RPM

76 Condition 1 1.99 0.57 0 100 10  water moving 0 W
Baseline 1.99 0.57 0 200 50 0 34
57% Subm 1.99 0.57 0 300 80 0 51
1.99 0.57 0 400 90 pretty close to "primed” = full nozzle 0 68

1.99 0.57 0 500 100  primed 0 86

1.99 0.57 0 600 0 103

1.99 0.57 0 700 0 120

1.99 0.57 0.5 100 10  water moving 29 17

1.99 0.57 0.5 200 50 29 34

1.99 0.57 0.5 300 80  around 250rpm - half to almost full 29 51

1.99 0.57 0.5 400 90  close to full, sloping down 29 68

1.99 0.57 0.5 500 100 primed - same as 0 speed 29 86
1.99 0.57 0.5 600 29 103
1.99 0.57 0.5 700 29 120

1.99 0.57 1.0 100 10  water moving 58 17

1.99 0.57 1.0 200 60 little more than 1/2 full 58 34

1.99 0.57 1.0 300 90  close to full 58 51

1.99 0.57 1.0 400 95  full, sloping down 58 68

1.99 0.57 1.0 500 100  primed 58 86
1.99 0.57 1.0 600 58 103
1.99 0.57 1.0 700 5.8 120

77 Condition 2 1.65 0.47 0 100 10  water flowing 0 17
47% Subm 1.65 0.47 0 200 25 1/4 full 0 34
1.65 0.47 0 300 50 0 51

1.65 0.47 0 400 80  80% full, sloping down 0 68

1.65 0.47 0 500 90  full but sloping down 0 86
1.65 0.47 0 600 100  primed => +100rpm looks similar to DES 0 103
1.65 0.47 0 700 0 120

1.65 0.47 0.5 100 10 water moving 29 17

1.65 0.47 0.5 200 25 29 34

1.65 0.47 05 300 50 29 51

1.65 0.47 0.5 400 80  semi full, downward slope 29 68

1.65 0.47 0.5 500 90  primed, slope 29 86

165 047 05 600 100  primed fully 29 103
1.65 0.47 0.5 700 29 120

1.65 0.47 1.0 100 10 58 T4

1.65 0.47 1.0 200 33 58 34

1.65 0.47 1.0 300 75  big change in volume of vater ~1/3 to 3/4 full 58 51

1.65 0.47 1.0 400 90  full but sloping down 58 68

1.65 0.47 1.0 500 100 primed, maybe a little slope 58 86

1.65 0.47 1.0 600 58 103

1.65 0.47 1.0 700 58 120

78 Condition 3 1.29 0.36 0 100 10  moving water 0 17
36% Subm 1.29 0.36 0 200 25 0 34
1.29 0.36 0 300 50  maybe 50% full 0 51

1.29 0.36 0 400 70  big jump towards full. Large slope 0 68

1.29 0.36 0 500 80 not much change 0 86
1.29 0.36 0 600 90 looks like 500rpm of previous cases 0 103
1.29 0.36 0 700 95 0 120
1.29 0.36 0 800 100 looks fully primed 0 137

1.29 0.36 0.5 100 10 moving water 29 17

1.29 0.36 0.5 200 25 1/4 full 29 34

129 0.36 0.5 300 50 29 51

1.29 0.36 0.5 400 80  80% full, big jump 29 68

129 0.36 05 500 90 95% full 29 86

1.29 0.36 0.5 600 95  full, sloping down 29 103

1.29 0.36 0.5 700 100  looks like 800rpm at zero speed 29 120
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o Table A6. MxWJ Model 5662-1, waterjet nozzle priming level as a function of pump inlet
submergence, with variations in rotor RPM and model speed - continued

» Submergence @ Model Quantities Nozzle

Pump Inlet Set Filed 'NOt©s D e

Test (inch) (Ratio) (kts) RPM (%) (kts) RPM
78 Condition 3 1.29 0.36 1.0 100 10 58 17
36% Subm 1.29 0.36 1.0 200 25  25% 58 34
(continued) 1.29 0.36 1.0 300 50 58 51
1.29 0.36 1.0 400 80 90% 58 68

1.29 0.36 1.0 500 90  looks close to full 58 86

1.29 0.36 1.0 600 100  primed 58 103

1.29 0.36 1.0 700 58 120

79 Condition4  0.93 0.25 0 100 0 minimal moving water 0 17
25% Subm 0.93 0.25 0 200 5 0 34
0.93 0.25 0 300 10 0 51

0.93 0.25 0 400 20  not much change 20% filled 0 68

0.93 0.25 0 500 25  25% maybe 0 86

0.93 0.25 0 600 30 0 103

0.93 0.25 0 700 35  not much volume change 0 120

0.93 0.25 0 800 40 0 137

0.93 0.25 0 900 45 0 154

0.93 0.25 0 1000 50  not yet 50% 0 171

0.93 0.25 0 1200 60 0 205

0.93 0.25 0 1400 65 0 240

0.93 0.25 0 1600 70 0 274

0.93 0.25 0 1800 75 maybe 75% full 0 308

0.93 0.25 0.5 200 5 tiny bit flowing 29 34

0.93 0.25 0.5 400 20 29 68

[} 0.93 0.25 05 600 40 29 103

0.93 0.25 0.5 800 50 maybe 50% 29 137

- 0.93 0.25 0.5 1000 60 29 171

= 0.93 0.25 05 1200 65 29 205

0.93 0.25 0.5 1400 70 29 240

0.93 0.25 0.5 1600 75  about the same as zero speed top RPM 29 274

0.93 0.25 0.5 1800 80  not primed 29 308

0.93 0.25 1.0 200 10  flowing 58 34

0.93 0.25 1.0 400 20 58 68

0.93 0.25 10 600 40  about the same as 0.5 knots thru range 58 103

0.93 0.25 1.0 800 50 maybe 50% 58 137

0.93 0.25 1.0 1000 60  about the same as 0.5 knots thru range 58 171

0.93 0.25 1.0 1200 707 - 58 205

0.93 0.25 1.0 1400 o - 58 240

0.93 0.25 1.0 1600 80 - 58 274

0.93 0.25 1.0 1800 90  Not Primed 58 308

0.93 0.25 1.0 2000 95  getting close ~90% 58 342

0.93 0.25 1.0 2200 100 PRIMED 58 377

hyteresis loop, stayed primed all the way down to 4W

A23



This page intentionally left blank.

A24



(R

No. of Copies
Print PDF
2 2
- 3
- 1
- 1
1 1
1 3
1 -

- 1
- 1
- 1
1 1
- 1
- 1
1 .

- 1
- 2
9 .
4 9
- 1
- 1
Total No. of
Copies
Print PDF
13 31

INITIAL REPORT DISTRIBUTION

Office
ONR 331
PMS 385
SEA 05D1
SEA 05H
Consultant
CSC
DTIC

NSWCCD Code
2000

2240

2410

2420

3452 (Library)
5010 (w/o enclosure)
5030

5060

5104

5500

5800

5800

6530
6540

Individual

Dr. Ki-Han Kim, Dr. Pat Purtell

W. Davison, J. Goldberg, D. Liese

S. Wynn

J. Schumann

J. Offutt

J. Bohn, J, Slager, O. Clark, E. Morris (print)

Individual

C. Dicks

C. Kennell

R. Anderson

S. Fung (print), R. Lamb

S. Jessup

D. Walden

S. Carpenter

A. Silver, S. Lee

5200 Office Files

D. Cusanelli (3 print, 1 PDF), G. Karafiath (1 print,
1 PDF), R. Hurwitz, D. Fry, M. Donnelly, M.
Wilson, T. Michael, S. Black, J. Geisbert

A. Powers

E. Devine



